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'eTepopuH (LO) Npon3eoanT cUrHambl HeCyLLE Ans
nepesaTynKoB 1 OMOPHbIE CUTHAmMbI ANS NPUEMHMKOB 1 NO3TOMY
ABNAETCS “cepauem’ paanonokaumoHHbix cuctem (PIIC),
CUCTEM PaZMO3NEKTPOHHOTO NOAABNeHNs 1 cBsi3n. B cuctemax
CcBsI31 BCE 60nblune 00bEMbI MHGOPMALMM 33 CYET KOMMPECCUN
(cxaTus1) nepeatoTCs Mo kKaHanam C OrpaHNYEHHON

LUMPUHON Nonockl nponyckaHus. B npouecce asontouum PIIC
HabnogaeTcs NocTosiHHash NOTPeBHOCTL BO BCE Goree TOHHOM
paspeLUeHn Lienei Ha BCE 60MbLUMX PacCTOSHNSX.

YtoBbl COOTBETCTBOBATL TPEHOBAHNAM STUX OTBETCTBEHHbIX
NPUNOXeHWi, BbICOKas CTabUNbHOCTb 1 YMCTOTA (KaYeCTBO)
CMeKTpa CurHana retepoayHa SBNATCS KPUTUYECKN BaXHBIMM
npu pa3paboTke CxeM NepesaT4nKkoB U NPUEMHMKOB C
BbICOKVMM XapakTepucTikamu. [pn npoBepke HecTabunbHOCTH
W YACTOTbI CNEKTPa CUrHana Takve U3MepuTenbHble Npubopsl,
Kak aHann3aTopbl CUrHanoB (CnekTpa), obecneumsaioT
NHCOPMATMBHbIE M OXBATbIBAOLLME LUMPOKWIA AnanasoH
4acToT OTOBPaXEHNS LIyMa 1 CreKTParbHbIX COCTABMSIOLLMX
BOKPYT curHana Hecyluei. K coxanenuto, 3ToT TMn npubopos
MOXeT 0Ka3aTbCs HeCrOCOBHbIM 0BeCneumnTb YeTKyIo KapTuHy
ha3oBoro LWyma B6nM3u Hecyluein. B JaHHOM KOHTEKCTe,
“BONM3N HecyLLeit” nn NpocTo “B6NM3N™ OTHOCKTCA K LyMY B
npegenax £ 200 k'L, OTHOCUTENBHO YacTOTbI HEeCyLLEer Ha ocn X
rpachuka B 4aCTOTHO 0bnacTu.

MMpwn co3gaHum YETKON KapTUHbI LUyMa BOMN3W HecyLen
TaKve N3MepuUTENbHbIe NPUBOPLI, Kak YHUBEPCANbHBIN
vactotomep 53230A komnanuu Keysight, BeipyyatoT Tam, rae
aHanuaaTopbl CUTHamMoB yxe nepectatoT pabotatk. [lanee

B 3TWX 3aMeTKax On1caHo, kak BO3MOXHOCTH 3MepPEHMIA

C BbICOKMM paspeLLeHnem 6e3 NponyckoB curHana,
obecneunsaemble 53230A , MOXHO Mcnonb3oBaTh Ans 6onee
TLLATENbHOrO UCCrEefOBAHNS CUrHANOB retepoauHa. Kpome
TOro, NpeaCTaBneHbl NPUMEPHI Pe3ynbTaToB M3MEPEHWIA B BULE
rpacpmkoB aHann3a B MOAYNSLMOHHON 06nacTh 1 AeBraLmum
Annana.!

[Mpobnema

[lo nocneaHero BpeMeHn NONHOE OnpeaeneHne XapakTepucTuk
LyMa Ha YacToTax, OTCTOSILLUMX OT CUrHamna HecyLUelh MeHee,
yem Ha 10 Iy, Tpe60oBano CnoxHbIX U3MEPUTENbHBIX YCTAHOBOK,
HanpuMep, TakuX Kak Npu 1CNoMb3oBaHWUM METOAA reTepoanHa
(ccbinka 2, W.J. Riley), nubo goporux nameputenbHbIx CUCTEM,

" Ecm LUYM, BbI3BaHHbIA HECTABUNBHOCTLIO reHepaTopa, M3MepseTcs B
4acToTHOM 0BNAacTK, OH YacTo HasbiBaeTcs (ha3oBbIM LyMoM. [pu n3mepeHun
BO BPEMEHHOI 0611aCTy Takom LyM YacTo YNOMUHAETCS Kak MKUTTEP (CCblnka
1, K.J. Button). XoTsi B AaHHbIX 3aMeTKax OCHOBHOE BHUMaHWe yaeneHo
13MEPEHNAM BO BPEMEHHOI 06nacTy, X UTTep paccMaTpuBaeTcs Kak
“tha3oBblil Lym” UK NPOCTO “yM’, Tak kak PY curHanbl retepogmHa 0bbluHO
NpOCMaTPMBAKTCS B YACTOTHOI 0bnacTy.

TaKuX KaK cnewmanuanpoBaHHbIi aHanu3aTop a3osBoro
Lyma. AHaJ'IVI3aT0pr CUrHanoB 1 4acToToMepbl ABNAKTCA
anbTePHATUBHbIMU TEXHUYECKUMW PELLEHUAMU, HO NPU 3TOM
KaXaoe U3 HUX UMeeT OrpaHnYeHns.

Kak 6b1r10 0TMeYeHO paHee, aHanM3aTopbl CUrHanoB
obecrneunBatoT He UMetoLLme cebe paBHbIX BO3MOXHOCTY
MpOCMOTPa CreKTparbHbIX COCTABMSOLLMX B LUIMPOKOM
AvanasoHe 4acToT. TUNNYHOE U3MepeHIe YETKO MoKaxeT
LUYM BOKPYT HeCyLLer, 1 Mpu 3ToM noroca 063opa v noroca
npomnyckaHusi MOryT ObITb YCTaHOBIEHbI TakiiM 06pa3om, YToGb
HaCTPOUTb pasfNyHble PEXUMbI MPOCMOTPA COAEPKIMOTO
wyma. OpHako, Yem Brivke K HecyLei nepeMeLLalTes
N3MEPEHNS, COOEPXMMOE LyMa AenaeTcs Bcé Gonee
HaCbILLEHHbIM, 1 CTAaHOBUTCS TPYAHO OMPeaenuTb BO3MOXHbIE
MPUYMHBI STOTO LUyMa.

YacTtoTomep cnocobeH npoBoaANTL U3MepeHust BOnmuan
HECYLLIEN, HY)XHO CneauTb 3a TeM, YToDbI pesynbTathl
“3mepeHui bbinn peneBaHTHbIMU. Hanpumep, npu pabote
BOMM3M HecyLuen HeobxoanMo 3axBaTiTb JOCTAaTOUHO
BonbLuon Habop AaHHbIX, YTOObI BbISBUTL NtoOble MeANEHHbIE
M3MEHEHUS!, BbI3BAHHbIE HU3KOYACTOTHBIM LUyMOM. OfHaKo,
MpW BbIMONHEHUN CTaTUCTUYECKOTO aHan13a Ha 60ombLIOM
Habope 13MepeHnii BO BpEMEHHOM 06racT, TpagnLMOHHbIE
MeTOoAbl, HaNpUMep, ONpeaeneHne cpeaHeKBaapaTMYecKoro
OTKMOHEHMs, He ByayT [OCTATOYHbIMM, NOCKOMbKY OHM
BbIYMCASIOT KyMyNATUBHbIN 3ddekT Bbibopkn. B pesynbTate,
yem Gonblue Habop BbIGOPOK, TeM 6OMbLIE MOXET BbIpacTy
3HaYeHWe CpeaHeKBagpaTUYECcKoro OTKIOHEHNS. MHave rosops,
OHO MOXET CTaTb PaCcXOAALLMMCS.



PeweHue

Mpu n3mepeHnsix BOIN3M HecyLLe Takne U3MepUTENbHbIE
npubopel, kak yactotomep 53230A, moryT obecneuuts 6onee
noapobHoe NpefcTaBneHne geTanei curHana, YeM aHannsaTop
curHanos. OfHUM 13 BaXHEMLIMX (DAaKTOPOB — U KITKOYEBOM
OTNIMYMTENBHOM OCOBEHHOCTBLIO COBPEMEHHBIX YaCTOTOMEPOB —
SBNSETCA MX paspeLuatoLlas cnocobHocTb. Hanpumep, 53230A
obecneynBaeT paspeLLaroLLyo cnocobHOCTb, paBHyto 20 nc, npu
N3MEPEHIsIX BO BPEMEHHON 06nacTu.

Kpome Toro, 53230A cHabxE&H BO3MOXHOCTSIMM, KOTOpbIE Korga-
TO MOXHO BbIf0 HaNTV TOMBKO B CaMbIX COBEPLUEHHBIX W [OPOTHX
npubopax Ans n3MepeHui Bo BpeMeHHoi obnactu. Mpumepom,
VIMEIOLLMM OTHOLLEHME K M3MepeHUsAM (ha3oBoro LLyMa,
SBNSAOTCS HENPepbIBHbIE N3MepeHns 6e3 NpomnyckoB curHana
VN C HyneBbIM BpeMeHeM NpocTost. OTKMNOHASCh OT TeMbI,
3aMeTIM, YTO 3TO CBOWCTBO NO3BOMMUIIO CO3AaTb U3MEPUTENBHbIN
npubop, Ha3blBaeMbIl aHaNM3aTOPOM B MOLYNSLMOHHON
obnact (MDA) — a 370 yKe MMEET HenocpeacTBEHHOE
OTHOLLIEHVE K paccMaTprBaeMoMy BOMPOCY, MOCKOMbKY rpadpuki
B cTune MDA gBnsioTCA NONe3HbIM MHCTPYMEHTOM Ans aHanuaa
BO BPeMeHHO 0bnacTu Bbnu3u HecyLuen.

[Mpexae Yem 0BbACHUTb, KaK 3TV CBOACTBA MO3BOASHOT
NpOBOANUTL aHanu3 B6NM3N CUrHanoB HECYLLEN, UMEET CMbICH
noApobHO 0BBACHUTL 3HAYEHWE HEMPEPbIBHLIX N3MEPEHN 6e3
NpOMYCKOB CUrHana BO BpeMeHHOM obrnacTy.

MoHsITe HenpepbIBHbIX 3MepeHuii 6e3 NpomnycKoB
curHana

TUNWYHBIA M3MepUTENbHBIA NPUOOP NpU U3MEPEHUSIX BO
BpEMEHHOI1 06nacTi akTUBMPYeET TaiMep, KOrAa BO3HWKAeT
HavarnkHoe cobbiTue (start event), HanpyUMep, NONOXUTENbHbIN
UnW oTpuLiaTenbHbI Nepenag curHana. BHyTpeHHWiA Taimep
npubopa npon3BoAUT OTCHETHI, MoKa He OyaeT 0BHapyXeHo
KoHe4Hoe cobbITve (stop event), koTopoe COOTBETCTBYET
MOMOXWUTENBHOMY UMK OTpULLaTeNLHOMY nepenagy,
npeacTaBnsioLLEeMy OAVH MOMHbIA NEPUOS CUrHana.

Bce yacToToMepbl UMEOT HacTparBaeMbIi nepuog, BbIGopKM
unn Bpems cyeta. lNpu U3MepeHnsix 4acToTbl UnK nepuoaa
4aCTOTOMEp BbIMOMNHAET M3MEPEHIUS BPEMEHHbIX MHTEPBAMNOB
0T nepenaga 1o nepenaja B TeYeHre NpoJomKUTENBHOCTH
BpeMeHU CYETa. B KOHLIe BpeMeHW CUETa OH yepeaHsieT
pe3ynbTaThl M3MEepEeHUs BPEMEHHBIX MHTEPBANOB, GEPET
0bpaTHYI BENUUMHY 1 BO3BPALLAET M3MEPEHHOE 3HAYEHME
4acToTbl.

B cB0&M 0GbIYHOM pexiMe YacTOTOMEP NPOXOANUT Yepes Nepuoa
YCTaHOBKY FOTOBHOCTI K HOBOMY M3MEPEHMIO MO OKOHYAHIM
TeKyLLEero BpeMeHu cuéTa (BpemMeHn MaMepeHms) 1 nepen
HaYarnoM CrieayoLLEro BpemMeHi cuéTa. JTo He sBNAETCS
HernpepbIBHbIM M3MepeHneM 6e3 NPOMyCKOB CirHana, Nockomnbky
[aHHble CUrHana nponycKakTcs, Noka NpUBop roToBMTCA K
HOBOMY M3MEpPEHHIO.

B cnyyae HenpepbIBHbIX M3MEPeHUi Ge3 NPONYCKOB CurHana

BPEMS YCTaHOBKW FOTOBHOCTM K HOBOMY M3MEPEHMIO OTCYTCTBYET.
CobbITus, CBA3aHHbIE C 0BHapyXeHWem nepenagos curHana,
CMHXPOHU3MPYIOTCS HenpepbIBHO — 6e3 NponycKoB curHana

— C Y4ETOM 33[aHHOrO Ymcra BbIBOPOK, KOTOPOE MOXET ObITb
yctaHoBneHo ans 53230A B ananasone ot 1 go 1000000
U3MEPEHNIA.

CkopocCTb HenpepbIBHbIX M3MepeHuil 6e3 nponyckos

curHana, obecneymBaemas 4actoToMepom, obecneymBaeTcs
ObICTPOAENCTBIEM YCTPOINCTBA YNPaBNEHNS U3MEPEHUSAMM.
YHuBepcanbHbIi yactotomep 53230A umeet yactoTty
AUCKpeTU3aLmM npn coope AaHHbIX Be3 npomexyTkos 40 1
MsbI6/c, KoTOpast B HACTOsILLEE BPEMS SBNSAETCS CaMOW BbICOKOM
B oTpacnn. Ecnn vactota BXOQHOTO curHana npeBbILLaeT vacToTy
AMCKPETU3ALIMM YacTOTOMepa — HEBaXKHO, paBHa nu oHa 10 Ml
unm 10 My — cxema npeaBapuUTEnbHOTO MacluTabupoBaHus
pasfenuT YacToTy BXOLHOTO CUrHana, npexae Yem nocnatb

€r0 Ha BHyTPEHHee YCTPOMCTBO YNpaBeHUs U3MEPEHNSMA.
PesynbTaTtom 3T0r0 SBMSETCS TO, YTO YACTOTOMED HE MOXET
3aXBaTUTb COLEPUMOe LyMa B OTAANEHUM OT YacToThl
HecyLen. Ho Jaxe npu aTuX yCroBusX AaHHbIA PexXuM BCE xe
cnocobeH obecrneunTb BOIMOXKHOCTb [eTanbHOro MCCneaoBaHus
COMEPKUMOro curHana Bbnman HecyLen (cM. pasgen
“PesynbTathl 1 NpenMyLLecTsa’).

O6beanHeHWe B YaCTOTOMEPE BbICOKOM pa3peLLaroLLen
CNocobHOCTM M N3mepeHuin 6e3 NponyCcKoB c1rHarna
obecreunBaeT 4Be BaKHbIX BO3MOXHOCTW aHan13a CUrHanos.

- Bo3moxHO AeTanbHOe nccnefoBaHne ConepXnmMoro
wyma BBnu3u HecyLuei, 4to obecneynsaet bonee
TWaTenbHY ANarHoCTUKY UCNbITYEMOro UCTOYHNKa
curHana

- W3mepeHnus moryT npoBoauTbCS Brivke Kk yacToTe
reTepoanHa, 4em npu UCnonbL30BaHNK Mo60oro Lpyroro
TUNa u3MepuTenbHbIX NPUbopoB

anMepr C MCNOMb30BaHEM 3TUX BO3MOXHOCTAMU NpUBeAEHbI B
pasgene “PesynbTaTthbl M NpeuMyLLecTsa

[MpubnmkeHme K HecyLLei

Ivcnepcus AnnaHa (Mnm cpeaHeKBagpaTUieckoe
OTHOCHTENbHOE [BYXBbIGOPOYHOE OTKIOHEHME YacToTbl) Gbina
paspaboTaHa [nis aHanu3a HecTabunbHOCTY U MPOLIECCOB
HM3KOYACTOTHOTO LyMa B FeTEPOAMHAX U TeHepaTopax
CUHXPOHU3NPYIOLLMX CUrHAmMOB (paBeHCTBO 1). MpumeHeHme
9TOr0 METOAA K AaHHbIM, 3aXBa4YEeHHbIM YaCTOTOMEPOM,
SBIISIETCS NEPBbIM LLAroM Mpu UCTOMNb30BaHUN AeBMaLN
AnnaHa (Hke) C Lenblo YCTaHOBMEHWS CTOYHUKOB (ha30BOro
Lyma BOMN3N HecyLLeil.
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2 _ - — 2y 2
Uy(T} = 5((yﬂ+1 = yﬂ) ) ~ 9.2 <($ﬂ+2 — 2T +$ﬂ) )
PaBeHcTBo 1 - lucnepcust Annana (Mnu cpeaHekBagpaTuyeckoe
OTHOCUTENBHOE [1BYXBbIGOPOYHOE OTKMOHEHME YacTOTbl) MOXET ObiTh
BbI4WCIIEHA, MCTONb3YS M3MepeHUe poBHON YacToTkl (y) UMK BO3MYLLEHWE
basbl NN BpEMEHM (X).



Ecnn Heobxommmo 6onee NoapoGHO U3y4uTb 3TOT METOL,
3HAYNTEMBHOE YMCTIO CChINIOK AOCTYMHO B CETU MHTEpHET. 3Mech
NPUBOAUTCS TOMBKO KPaTKMiA 0630p.

- Ecnu HeoBxoanmo Gonee NoipoGHO U3y4mThb 3TOT METO,
3HAYNTENbHOE YMCIIO CChINOK AOCTYMHO B CeTi MHTEpHET.
31eck NpUBOAMTCSA TOMBKO KPaTKMit 0630p.

- BpemeHHoit uHTepBan (t) npeacTaBnseT UHTepBarn
HabntoaeHns kaxaoi 13 BLIGOpOK “y” unu “x”. 3HayeHwe,
BblOpaHHOE ANsT , onpeaensieT NpoBePsSieMbIN A1ana3oH
yacToT Wyma. Hanpumep, ecnu 4nstT BbIGpaHo 3HaveHue,
paBHOE 1 C, MyTeM UHTErpupoBaHNs ByLeT UCKMIOYEHO

noboe cofepkumoe Lyma Ha YacTote 1 il

~ YrnoBble ckobku NpencTaBnsoT GeCkoHeuHbIi psg. Yem
GornbLue OTCYETOB (N) UCMIONbB3YETCS B 3TOM Psifly, TEM Bbille
YPOBEHb JOCTOBEPHOCTM BbIMMCIIEHHIA.

Pe3ynbTathl U NpenmyLLecTBa

[iBa npumepa NOMOryT NPOUNMOCTPUPOBATH BUAbI PE3YNbTaTOB,
KOTOpbIE BO3MOXHbI MPW UCMOSb30BaHUK YacToTomepa, MK n
nporpaMmHon cpegpl, Takon kak MATLAB, Keysight VEE unu
LabVIEW, B koTOpON MOXHO nerko o6pabaTbiBaTb BEKTOPHbIE
AaHHble. B 06omx cnyyasx curHan ¢ uckaxeHnsimm bbin co3gaH ¢
CNONb30BaHNEM reHepaTopa curHanoB komnanuu Keysight, PY
BbIX0Z KOTOpOro Gbin noakmntodeH k 53230A.

Wcnonb3oBanue rpaduka MDA

B atom nepsom npumepe Ha Bxog 53230A 6bin nogaH curHan
Hecywwen 1 ITw, MOZynMpOBaHHbIN NO YacToTe LUYMOM
npsIMOyronibHoN hopMbl. B yactoToMepe yacToTa auckpeTusaumm
13mepeHmns 6e3 NponyckoB curHana bbina ycTaHoBNEHa paBHO
100 KBbib/c, v 660 cobpano 500 namepeHuit. [laHHble Obinu
nepepabl B K, obpabotaHbl nporpammon VEE komnanum VEE
1 oTobpaxeHbl Ha rpacvke B ctune MDA (pucyHok 1). Ha atom
rpacpmke AaHHble NPeACTaBNEHb! B BIAE 3aBUCUMOCTH YaCToThl
(ocb Y) ot BpemeHm (ocb X).

[pyroe cBA3aHHOE C 3TUM BbIYKCIIEHIE, MOMYYMBLLEE HA3BaHWE
pesvaumn Annata, npeacTaBnseT coboi KopeHb KBagpaTHbIA

13 gucnepcuun Annaxa (paBeHcTBO 2). Koraa aTo Bbl4MCTEHe
MPYMEHEHO K 6OMbLION BbIGOPKE YaCTOTHbIX JAHHbIX W BbIBEAEHO
B BUZe rpachuka, OHO MOXET BbISIBUTL CKPbITbIE LMKIMYECKVE
BO3MYLLIEHWS, KOTOPbIE BMMSIIOT Ha XapakTEpUCTIKM (ha30BOro
wyma. Mpumep 3Toro nokasaH B pasgene “PesynbTathl U
npeumyLiecTsa’.

oy(7) = Joy(7)

PaBeHcTBO 2 - [leBnauus AnnaHa paBHa KOpHIO KBaapaTHOMY 13
pvcnepcun Annata.

Ha akpaHe aHanusatopa curHanos byayTt otobpaxarscs UM
unm ®M cocTaBnsioLme B BUAE 3allyMEHNS BOKPYT HECYLLEN.
B otnuuue ot atoro, rpacouk MDA nokasbiBaeT orvbyioLLyo
CKPbITOrO CUrHana UCTOYHIKA LymMa BO BpeMeHHoW obrnacTu. B
AaHHom crnyyae rpadmk MDA BbISIBRISIET YaCTOTHYIO MOAYNALMIO
LUYMOM MPSIMOYrofibHON ¢hopMbl, kKoTopas bbina obasneHa k
curHany Hecyulen 1. 3To MOXET 0Ka3aTbCs O4EHb NONE3HbLIM
MpW NOWCKe UCTOYHWKA Lyma, 0BYCOBNEHHOTO NapasuTHOM
CBSI3bt0, KOTOPbIA MOTYT NPOM3BOAMTL UCTOYHUKN MUTaHNS,
TpaHCHOpPMaTopbl 1 3NEKTPOHHO-MEXAHNYECKNE KOMMOHEHTDI.

OTW AaHHbIE MOXHO Taloke MPOCMOTPETb B JONONHUTENBHOM
chopmate, aHanorMyHoM 0TOBPaXeHMo B YaCTOTHON obnacTy,
noCpesCcTBOM BbIBOAA UX B BUAE rucTorpammbl. OTobpakeHue
BbIBOPOK, NOMyYeHHbIX B pe3ynbTaTe uamMepeHns bes npomyckos
curHana, B Buge rpacuka ructorpamMmmbl CPAaBHUMO C MPOCMOTPOM
AaHHbIX Ha 9KpaHe aHann3aTopa CUrHanoB C HeLOCTATOYHbIM
0BLWMM Anana3oHoOM HYacToT, HO LLIMPOKOW NOFOCOM NPOMyCKaHus.

Ipachuk MDA curnana rerepopwna 1 MMy
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PucyHok 1 - JaHHbii rpacouk B ctune MDA oToGpaxaeT 3aBUCMMOCTb YacToThl (0Cb Y) 0T BpeMeHU (0cb X) U BbISBNSET MOAYNMPYHOLLNIA

CUrHan, KOTOpbI HamnoXeH Ha curHan Hecywwen 1 Ty,



[MpumeHeHve gesrauumn AnnaHa

B cnenytowem npumepe fesuaums Annasa ucnonb3yeTcs

ANsi aHanusa curHana retepoguHa 3 Iy, Ans nmutauum
LMKIMYECKOTO LyMa UCTIbITaTeNbHbIA CUrHan Obin
NpPOMOZYMPOBaH MO YacTOTe CUHYCOMAANBHLIM CUTHANOM C
yactoton 1 'y u pesmaumen 3 I'u. Yactotomep 53230A 6bin
YCTaHOBMEH ANst NPOBEAEHMNS M3MEPEHMiA GE3 NPonyCcKoB
curHana c yactoton uamepenuit 100 'y, 6bino npoBeaeHo
1200 n3mepeHnin, 4to obecneynno o6bEM cobpaHHbIX AaHHbIX
JnuTenbHocTbio 12 c.

Bbiuncnenve gesnauum Antiana 6bino nponsseaeHo Ha
[aHHbIX C NCMOMNb30BaHMEM 3HaueHwiA T (Tay) oT 40 mc go © ans
BbIMOMHEHMS TOTO, YTO N3BECTHO KaK aHanu3 AaHHbIX NPW BCEX
3HaueHmsx T (tay) (“all-tau analysis”) (cceinka 3, NIST). Stot
BMA aHanu3a, NPUMEHEHHBIN K CUrHanmy retepoanHa, obneryaet
onpenenexmne H3KOYaCTOTHbIX NEPUOANYECKUX BO3MYLLAMOLLMX
BO3LENCTBMIA, TaKWX KaK LIMKITNYECKOe U3MEHeHe TamnepaTypbl
(ccbinka 2, W.J. Riley). M'padvk aHanmaa gaHHbIX Npy

BCex 3HayeHunsx T (Tay) (“all-tau analysis”) Bbin cosgaH ¢
uncnonb3osanmem MATLAB (pucyHok 2). !

T T
Ha pucyHke 2, 3HayeHve oy( T) NagaeT npy 3HAYEHUsX T
(Tay), paBHbix 1 1 2 cekyHaam. OTO 0XWAAEMO, NOCKOMbKY
3TN 3HAYEHUS KpaTHbI NEPUOAY CUHYCOMOANBbHOTO CUrHana
1 Tu. B pesynbTat gobaeneHHbIn Wwym Ha yactote 1 Iy Gbinm
VCKITIOYEH NYTEM UHTErPUPOBAHNS MPIT UBMEPEHNSAX AEBUALNM
AnnaHa, NpoBeAEHHbIX NMPK 3HAYEHUSX T (Tay), paBHbIX 1 C U

2 ¢, NOCKOIbKY OHU SBASIOTCS LieNbIMK KpaTHbIMU Nepuoga
wywma. Ha pucyHke BuaHo, 4To AeBnaLtis AnnaHa Takxe
MOHEMHOTY CHUXAETCs NPU YMEHbLUEHUN 3HAYEHWi T (Tay).
OTO SABNSETCS Pe3yNbTaToM NepemMeLLEHNS C YaaneHem ot
[nanasoHa 4acToT UCTOYHMKA LUyMa.

T
lMoHwxeHme rpadhuka npu onpesenéHHbIX 3HaueHusX T (Tay)
W U3MEHeHNs TpeHaa B pesynbTaTtax N3MepeHus AesuaLmm
AnnaHa nomoraeT BbISIBUTb AWanasoH YacToT Napa3nTHOro
Lyma, KOTOpbI BUSIET HA CUTHan retepoauHa. Takas
BO3MOXHOCTb 1CCNEA0BaHNS NPOLECCOB BO3HNKHOBEHNS LyMa
B6MM3n curHana retepoanHa NoMoraeT TOYHO NOKanW30BaTh
NCTOYHMK Lyma 1 obecrneynTb MHAOPMAaLMIo, KOTOpas MOXeT
ObITb MCNONb30BaHA ANS YMEHbLUEHNS UMK YCTPaHEHWS Lyma.

[aHHoe obcyxaeHe SBRSETCS NOBEPXHOCTHLIM U3NOXKEHUEM
1CNONb30BaHWA Aucnepcuy U aeenauun Annada ans uenen
aHanuaa Lwyma v HectabunbHocTu. bonee nogpo6Ho 3t
Bonpockl u3noxeHbl B pykoBoacTee NIST (ccbinka 3).

Jesunauma Annana: 4acToTa wamepenmit (83ATHA sabopox) (100 M)

©[sec]

PucyHok 2 - pachuk aHanmuaa AaHHbIX Npy Bex 3Hadermsix T (Tay) (“all-tau analysis”), 6asupytoumuiics Ha BbIMMCIIEHNSX AeBMauuy AnnaHa,
MOXET BbISIBUTb HN3KOYACTOTHbIE MEPUOANYECKIE BO3MYLLAIOLLME BO3LENCTBHS.

" Ckpunt MATLAB, C NOMOLLbIO KOTOPOTO Bbin co3aaH

rpadouk Ha pucyHke 2, 6ecnnartHo JOCTyneH Ha canTe

obmeHa nporpammamm u kogamu MATLAB Central nog
Ha3sBaHueM “Stability Analyzer 53230A.”



BbiBoA

l'|aCT0TOMep ABNAETCA CyLEeCTBEHHbIM nobaBneHnem

K Ha60py MHCTPYMEHTalbHbIX CPEACTB NHXEHEPa Npu
nccneposaHuy PY curHanos, NOCKOJTbKY OH ONOJTHAET
Mchopmau,wo, npenocTaBnaeMyto aHann3aTopamu CUrHarsnos.
Hannuune ABYX BaXHbIX d)yHKLlI/IOHaJ'IbeIX BO3MOXHOCTEN,
BKMHOYaKLWMX BbICOKYH paspeLlatoLlyo CMoCcoBHOCTb W
HenpepbIiBHbIE U3MEPEHUA bes nponyckos curHana, genaet
BO3MOXHbIM HE TOJIbKO 3aXBaTbiBaTb (ba3OBbI Lwym BOIM3N
HecyLu,e|7|, HO TaKxe HOD,GI/IpaTb KITKOY K UICTOYHMKaM LyMma K
onpenendatb €nocoobl YMEHbLUIEHUA UK YCTPaHEHNA LWyma.
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Temaruyeckas nHgopmaLus

— Ob63op cemenctaa; PY/yHuBepcanbHble 3NEKTPOHHO-
CYETHbIe yacToTomepbl cepun 53200A komnanum Keysight,
Homep ny6nukauum 5990-6339EN

— TexHudeckue gaHHble: PY/yHnBepcanbHble aneKTPOHHO-
CYETHbIe yacToTomepbl cepun 53200A komnanum Keysight,
Homep ny6nukauum 5990-6283E

— MATLAB: 6onee noapobHas nHopmaums 4oCTynHa Ha
cante komnanun The MathWorks: www.mathworks.com/
products/matlab

— PykoB0ACTBO MO BbIOOPY: TEXHNYECKME PELLEHNS
komnaHum Keysight Ans nsmepenuns hasoBoro wyma,
Homep ny6nmkauyum 5990-5729RUR
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